INTRODUCTION {#s1}
============

Many conifers and angiosperms have developed resin-based defence mechanisms to deter herbivores and microbial pathogens ([@R23], [@R34], [@R47]). The sticky resin seals injuries in the trees and acts as a biochemical barrier due to terpenoid and phenolic compounds ([@R9], [@R82], [@R102], [@R100]). However, certain fungi have developed resistance against toxic resin compounds ([@R82], [@R1]), and are able to colonize fresh and solidified resin ([@R110]). Resinicolous fungi represent a polyphyletic assemblage of ascomycetes which grow exclusively on tree resins ([@R110], [@R87]).

Resinicolous fungi occur scattered throughout many classes within the *Ascomycota*. Most resinicolous fungi described to date are ascomycetes within the order *Mycocaliciales* (*Eurotiomycetes*) (*e.g.* [@R84], [@R86], [@R111], [@R112], [@R113], [@R110]). *Sorocybe resinae* (*Chaetothyriales, Herpotrichiellaceae*) and its synasexual morph *Hormodendrum resinae* ([@R99]), and *S. oblongispora* ([@R16]), represent asexual *Eurotiomycetes* that are also often found on resin. The association of these fungi with conifer resin has existed for at least 35 M years as evidenced by fossilized specimens in Palaeogene amber ([@R85], [@R110], [@R10], [@R88]). While other resinicolous fungi have not received as much recent attention, a significant number occurs in other classes. *Dothideomycetes* contains at least six resinicolous species: *Helicoma resinae*, *Mytilinidion resinae*, *M. resinicola*, *Strigopodia batistae*, *S. resinae*, and *Torula resinicola. Leotiomycetes* boasts a similar number, with at least six resinicolous species: *Bisporella resinicola*, *Claussenomyces kirschsteinianus*, *C. olivaceus*, *Hymenoscyphus resinae-piceae*, *Lachnellula resinaria*, and *Micropodia resinicola*. A similar number of fungi are also currently not satisfactorily placed. Fungi such as *Gyrocerus resinae* and *Moriola resinae* have not been collected in over a century, while more recently collected fungi such as *Bruceomyces castoris* and *Resinogalea humboldtensis* are classified based on morphological characters due to the lack of molecular data ([@R87]). Among this group of poorly placed fungi, two widely collected discomycetes in the genus *Sarea* are also found.

*Sarea resinae* and *S. difformis* are both found fruiting exclusively on conifer resins and often co-occur on the same substrate. These two fungi are the only presently known species in the genus *Sarea*, which was erected by [@R27]. In contrast to other resinicolous discomycetes, which are placed in genera also including wood rotting species or parasites, *Sarea* species only ever fruit on resin. Both species are common in northern latitudes where they are usually found on resins of *Picea* and *Pinus* species, but also on other genera of *Pinaceae* including *Abies, Larix* and *Pseudotsuga* ([@R43]), *Cedrus* ([@R66]) and *Tsuga* ([@R6]). They have also been reported from exudates of *Cupressaceae s. l*. such as *Chamaecyparis* ([@R3], Suto 1985), *Cupressus* ([@R43], [@R32]), *Cryptomeria* (Suto 1985) and *Juniperus* ([@R79]) indicating a relatively broad host range.

Little has been conclusively shown about the ecology and evolutionary origin of the genus *Sarea* so far. Species of the genus have variously been treated as lichen symbionts ([@R75], [@R52], [@R77], [@R78], [@R41], [@R42], [@R14], [@R25], [@R117], [@R22], [@R7]) or mild to serious parasites ([@R55], [@R15], [@R103], [@R29], [@R51], [@R58], [@R91], [@R8], [@R92]). Currently they are mostly treated as saprobes ([@R43], [@R118], [@R30], [@R106], [@R89], [@R18], [@R56], [@R61], [@R62], [@R109], [@R32], [@R74], [@R119], [@R45], [@R59], [@R67]), but additionally have been regarded as endophytes ([@R79], [@R80], [@R54], [@R35], [@R53], [@R93]).

The taxonomy of *Sarea* and its systematic assignment within the *Pezizomycotina* is still poorly resolved. Previously, *Sarea* species were placed in genera belonging to *Lecanoromycetes*, *Leotiomycetes*, and *Pezizomycetes*, including *Biatora*, *Biatoriella*, *Lecidea*, *Tympanis*, *Biatoridium, Pezicula* and *Peziza* ([@R43]). [@R43] solved nomenclatural issues and provided detailed morphological descriptions of both *Sarea* species and placed the genus within *Agyriaceae*. Successive molecular studies suggested a relationship of *Sarea* to clades presently placed in *Leotiomycetes* ([@R83], [@R115], [@R116], [@R60], [@R70]), as opposed to earlier morphological placement within *Lecanoromycetes*, but these authors could not satisfactorily place the genus into any class within *Pezizomycotina*. Based on morphological traits, [@R64] and [@R46] provisionally placed *Sarea* within *Trapeliaceae* (*Lecanoromycetes*). However, the difficulty of excluding potential homoplasy of morphological traits is well known in fungal systematics (*e.g*. [@R11], [@R94], [@R63]) and many studies show that morphological synapomorphies do not consequently correspond to monophyletic groups (*e.g.* [@R63], [@R81]).

In this study, we aim to revise the current placement of *Sarea* in *Trapeliales* (*Lecanoromycetes*) with molecular data. Additionally, we aim to test the earlier suggestions of a placement within *Leotiomycetes* and calculate a phylogenetic hypothesis of *Sarea* and representatives of most *Pezizomycotina* classes. Only ribosomal sequences (nucLSU, nucSSU and 5.8S rDNA) of *Sarea* were available for phylogenetic studies so far and these may have provided insufficient information for accurate classification into the *Pezizomycotina*. Here we use seven phylogenetically informative DNA regions represented by ribosomal (ITS, nucSSU, mtSSU, nucLSU) and protein-coding (*rpb1, rpb2, mcm7*) sequences, of which four are new to the research community. Most sequences were obtained from *in vitro* cultures of *Sarea resinae* and *S. difformis* isolated from resin flows of *Picea abies* (Norway spruce). We combined the new sequence data with present sequences from major classes in *Pezizomycotina* in three different taxon samplings and applied the most current approaches including Bayesian Inference, Maximum Likelihood and Maximum Parsimony for the phylogenetic calculations.

MATERIAL AND METHODS {#s2}
====================

Biological material {#s2a}
-------------------

Specimens of *Sarea difformis* and *S. resinae* originate from resin soaked bark or fresh, semi-solidified resin flows of *Picea abies*, *Pseudotsuga menziesii* and *Abies* sp. from coniferous forests in Finland, Germany and New Zealand. Sampled trees produced resin in response to mechanical damage due to animal or human activity or in response to microbial infections causing resinous canker lesions. Analysed specimens were deposited in the New Zealand Fungarium (PDD), Landcare Research in Auckland and in Helsinki (H). The collection data are provided in [Table 1](#T1){ref-type="table"}. GenBank accession numbers are provided in the supplementary data Table S1.

Light microscopy {#s2b}
----------------

Fungal specimens were studied and imaged under a Carl Zeiss StereoDiscovery V8 dissection microscope and a Carl Zeiss AxioScope A1 compound microscope equipped with Canon EOS 5D digital cameras. All images ([Fig. 1](#F1){ref-type="fig"}) represent digitally stacked photomicrographs obtained from up to 50 focal layers merged with the software package HeliconFocus v. 6.33 Pro (Helicon Soft Limited, Kharkiv, Ukraine). For [Fig. 1D](#F1){ref-type="fig"}, incident and transmitted light were used simultaneously. To study hyphal growth inside the resin bodies, samples were embedded in epoxy resin Epo-Tek 301-2 (Epoxy Technology, Inc; Massachusetts) and ground using gradually fine-grained emery paper. Ascomatal details of *Sarea resinae* and *S. difformis* ([Fig. 1E--H](#F1){ref-type="fig"}) were studied under 40× to 100× magnification using 100× oil-immersion objective, sometimes with an additional 1.6-fold magnification ([Fig. 1H](#F1){ref-type="fig"}).

Cultivation {#s2c}
-----------

Ascospore germination was performed on solid malt yeast extract agar (MYA; 20 g malt extract, 2 g yeast extract, 20 g agar on 1 000 mL distilled water, pH = 6.5--7), malt extract agar (MEA; 20 g malt extract, 1 g peptone, 20 g glucose, 20 g agar in 1 000 mL distilled water, pH = 5--5.5) and potato dextrose agar (PDA; pre-formulated media, Carl Roth, Germany, pH = 5.6 ± 0.2 ) treated with 50 mg / mL penicillin G and streptomycin to prevent bacterial growth. For spore isolation, ascomata of *Sarea difformis* and *S. resinae* were removed from the resinous substrate and transferred to double cavity glass slides containing a drop of sterile 0.9 % NaCl~2~ solution. Contaminations were removed under a Carl Zeiss Stemi 2000-C stereomicroscope and the ascomata were transferred to the edge of the second cavity and gently crushed with a flamed needle to liberate the spores. The spores were further diluted in 200--300 μL sterile 0.9 % NaCl~2~ solution, transferred on the fungal media and incubated at 25--30 °C for up to 24 mo in the dark.

DNA isolation, amplification and sequencing {#s2d}
-------------------------------------------

For DNA extraction, ascomata of *Sarea difformis* and *S. resinae* from environmental samples were cleaned of macroscopical contaminations under a Carl Zeiss Stemi 2000-C stereomicroscope, shock frozen with liquid nitrogen and crushed using a glass micromortar and pestle. Cultures of both species isolated from *Picea abies* were freeze dried (Christ, Alpha 1--4 LDplus, Osterode, Germany) and subsequently pulverized in Eppendorf tubes using plastic pestles. DNA was isolated from the fungal material using the Invisorb Spin Plant Mini Kit (Stratec, Berlin, Germany) by following the manufacturer's protocol, but modified by incubating the samples over night at 52 °C to ensure the lysis of the fungal cell walls. For phylogenetic analysis, we amplified parts of four protein coding and four ribosomal DNA regions. The protein coding genes represent the RNA polymerase II largest (*rpb1*) and second largest subunit (*rpb2*), the *tsr1* gene, a gene required for rRNA accumulation during biogenesis of the ribosome ([@R33], [@R95]) and the *mcm7* gene, a DNA replication licensing factor required for DNA replication initiation and cell proliferation ([@R73], [@R50]). Ribosomal DNA regions include the small and large nuclear ribosomal subunit (18S rDNA and 28S rDNA respectively), the mitochondrial small ribosomal subunit (mtSSU) as well as the nuclear internal transcribed spacer region (ITS). DNA regions were isolated and amplified from *in vitro* cultures of *Sarea difformis* and *S. resinae* in order to exclude the amplification of DNA from potential contaminates of environmental samples. The nuclear ITS regions of the cultures and environmental samples were compared to make sure that the cultures correspond to the correct environmental sample.

Polymerase chain reaction (PCR) was conducted using *Taq* DNA polymerase (Promega, Madison, WI) by following the manufacturer's recommendations. Fungal specific primers and PCR conditions used to amplify the gene regions for phylogenetic analysis of this study are provided in Table S2. PCR products were purified using MSB^®^ Spin PCRapace (Invitek, Berlin, Germany) and sequenced in both directions with a MegaBACE 1000 automated sequencing machine and DYEnamic ET Terminator Cycle Sequencing Kit (Amersham Biosciences, Little Chalfont, UK). Sequences were assembled and edited with BioEdit v. 5.0.9 ([@R40]).

Reference data sets {#s2e}
-------------------

We combined the new ribosomal and protein coding sequences with data from the National Center for Biotechnology Information (NCBI). In total, seven marker sequences were used for the phylogenetic analyses. Since few *tsr1* sequences are available in GenBank we excluded the new, high quality *tsr1* sequences from our phylogenetic analyses in order to avoid a high percentage of missing data in any of the included gene/DNA regions. Accession numbers for all sequences used for the molecular analyses are provided in Table S1.

Three different taxon samplings were assembled: *Trapeliales*/*Helotiales*: To assess whether or not the morphological similarities of *Sarea* and *Trapeliales* can be substantiated with molecular data we assembled a data set including members of the *Trapeliales* (*Lecanoromycetes*) and *Helotiales* (*Leotiomycetes*). Additionally, we included representatives of the recently proposed classes *Xylonomycetes* and *Candelariomycetes* because in our preliminary analyses (data not shown) included representatives of these two classes often grouped with *Sarea* when additional *Pezizomycotina* classes were included in the phylogenetic analyses. The operculate ascomycetes *Peziza arvernensis* and *P. varia* were used as outgroup. The representative dataset consists of 66 taxa with a total 1 295 base pairs of which 449 represent variable sites from the ITS region and 846 sites from the nucLSU. In addition to the sequences of *Sarea difformis* and *S. resinae* that we generated in this study, we incorporated some available ITS and nucLSU sequences from GenBank.*Lecanoromycetes*: To assess whether or not the current (morphological) classification of *Sarea* in *Lecanoromycetes* can be confirmed with molecular data we assembled a taxon sampling which broadly corresponds to the well-balanced dataset by [@R81]. The dataset comprises 96 taxa and includes 3 862 variable sites from four ribosomal (ITS, nucSSU, mtSSU, nucLSU) and two protein coding (*mcm7*, *rpb1*) sequences.*Pezizomycotina*: To place *Sarea* within *Pezizomycotina* we assembled a taxon sampling including representatives of all major ascomycete classes except *Laboulbeniomycetes*, *Xylobotryomycetes* and *Coniocybomycetes* because preliminary analyses (data not shown) have shown that these classes are unlikely to be closely related to *Sarea*. Many of the implemented genes were compiled in a previous study by [@R48]. The dataset consists of 103 taxa including 160 base pairs of the ITS region, 916 sites from the small ribosomal subunit (nucSSU), 1 057 sites from the large ribosomal subunit (nucLSU), and 900 sites from the *rpb2* gene. All reference data sets are available via Treebase <http://purl.org/phylo/treebase/phylows/study/TB2:S25817>.

Phylogenetic analyses {#s2f}
---------------------

Phylogenetic hypotheses were calculated with the three most current approaches: Bayesian Inference, Maximum Likelihood and Maximum Parsimony. All analyses were performed on the CIPRES Science Gateway v. 3.3 ([@R71]). For each dataset, included genes were aligned separately by using MAFFT v. 6 ([@R49]) sometimes with subsequent manual adjustment to minimize the number of possible false homologies using BioEdit v. 5.0.9. ([@R40]) and SeaView v. 4 ([@R38]). Unalignable regions and introns were excluded by using the mask function in BioEdit v. 5.0.9. For each dataset, genes were combined in a super matrix using BioEdit v. 5.0.9.

Maximum Likelihood search for the most likely tree was accomplished using RAxML VI-HPC ([@R104], [@R105]) by applying a GTR model of molecular evolution, 1 000 ML bootstrap replicates and the Gamma model of rate heterogeneity by letting RAxML optimize individual α-shape parameters and base frequencies for 6 separate gene partitions.

Maximum parsimony (MP) was performed using PAUP v. 4.0b10 ([@R107], 2002) by treating gaps as missing characters, and by applying 1 000 random addition sequences (RAS), TBR (tree bisection reconnection) branch-swapping and MULTREES option. To assess statistical support of the clades, non-parametric bootstrapping ([@R24]) was performed with heuristic searches.

Bayesian analyses were performed using Markov Chain Monte Carlo (MCMC) in MrBayes v. 3.1.2 ([@R90]). Best fitting substitution models for each gene were chosen separately from seven substitution schemes included in the software package jModeltest v. 2.1.1 ([@R19]), and models were chosen according to the Bayesian information criterion (BIC, [@R98]).

Analyses were run using four chains for 5--10 M generations each, sampling parameters every 500 to 1 000 generations. Average standard deviations of split frequency (ASDSF) lower than 0.01 were interpreted as indicative of independent MCMC convergence.

RESULTS {#s3}
=======

Phylogenetic analyses {#s3a}
---------------------

The phylogenetic tree obtained from the *Trapeliales*/*Helotiales* data ([Fig. 2](#F2){ref-type="fig"}) displays well-supported clades of *Sarea*, *Trapeliales*, *Helotiales*, *Candelariomycetes* and *Xylonomycetes* from the Bayesian, Maximum Likelihood and Maximum Parsimony analyses. *Xylobotryomycetes* were placed as a sister clade to the remaining classes included in this taxon set (data not shown), which means that a relationship with *Sarea* is not likely. We therefore excluded *Xylobotryomycetes* in our further analysis. Both Bayesian and Maximum Likelihood approaches place *Sarea* as second order sister group to *Lecanoromycetes* with low node support (35 ML-BS and 61 PP). In each of the three applied methods *Sarea* species clustered in a well-supported clade (84 ML-BS, 99 PP, 77 MP-BS) and *S. difformis* (89 ML-BS, 100 PP, 89 MP-BS) and *S. resinae* (100 ML-BS, 100 PP, 100 MP-BS) build well-supported groups in this clade.

The phylogenetic hypothesis resulting from the six-gene *Lecanoromycetes* dataset is shown in [Fig. 3](#F3){ref-type="fig"}. The topology of the resulting phylogeny is generally congruent with the analysis of [@R81] and members of currently defined *Pezizomycotina* classes group in well-supported clades. With three methods (Bayesian, MP and MB) *Sarea* was placed outside the *Lecanoromycetes*, but was placed inside the "*Leotiomyceta*" with unanimous support (99 ML-BS, 100 PP, 91 MP-BS). Maximum Parsimony analysis did not resolve relationships between the classes of *Pezizomycotina* and relationships between members of *Lecanoromycetes* were only partly resolved. Bayesian analysis grouped *Sarea* as sister group o to the clade including *Dothideomycetes*-*Arthoniomycetes* and *Leotiomycetes*-*Sordariomycetes* with low support (56 PP), but Maximum Likelihood analysis grouped *Sarea* as sister group of the *Coniocybomycetes*-*Lichinomycetes* clade with only very low node support (15 ML-BS).

The phylogenetic hypothesis obtained from our four-gene dataset of *Pezizomycotina* is shown in [Fig. 4](#F4){ref-type="fig"}. With some exceptions, the topology of the phylogenetic tree broadly corresponds to other large-scale phylogenies of *Ascomycota* (*e.g*. [@R83], [@R48], [@R96], [@R97], [@R10]). In our analysis *Xylonomycetes* forms two separate groups with *Symbiotaphrina* placed in the clade also including *Candelariomycetes* and the here-proposed new class *Sareomycetes*. However, these results are not congruent with the phylogenomic study of [@R31] which indicate that *Symbiotaphrinales* represent the sister clade to *Xylonomycetales*. Otherwise, members of currently defined *Pezizomycotina* classes group in well-supported clades and show relationships between the major classes of ascomycetes that have been described in other studies, such as *Arthoniomycetes*-*Dothideomycetes*, *Leotiomycetes*-*Sordariomycetes* and *Lecanoromycetes*-*Eurotiomycetes*. Maximum Parsimony did not resolve the relationships between the *Pezizomycotina* classes, but both Bayesian Inference and Maximum Likelihood placed *Sarea* in a clade also including *Geoglossomycetes*, *Candelariomycetes* and *Xylonomycetes*. This group, however, is only indicated by low node support (26 ML-BS, 89 PP).

Taxonomy {#s3b}
--------

Justified by the distinct phylogenetic position of *Sarea* from other ascomycetes in our multilocus gene calculations and by the unique combination of ecological and morphological characteristics of the fungal group, we here propose a novel class, order, and family in the *Ascomycota* to accommodate the genus *Sarea*: *Sareomycetes*, *Sareales* and *Sareaceae cl., ord. et fam. nov.*

***Sareomycetes*** Beimforde, A.R. Schmidt, Rikkinen & J.K. Mitch., ***cl. nov.*** MycoBank MB831369.

*Type order*: *Sareales* Beimforde, A.R. Schmidt, Rikkinen & J.K. Mitch., ***ord. nov.*** MycoBank MB831372.

*Type family*: *Sareaceae* Beimforde, A.R. Schmidt, Rikkinen & J.K. Mitch., ***fam. nov.*** MycoBank MB831373.

*Type genus*: *Sarea* Fr., *Systema Orbis Vegetabilis* **1**: 86. 1825.

*Type species*: *Sarea difformis* (Fr.) Fr., *Elenchus Fungorum* **2**: 14. 1828. (lectotype)

*Sanctioned name*: *Peziza difformis* Fr., *Systema Mycologicum* **2**: 151. 1822.

*Type specimen*: Rehm's Ascomyceten No. 577, Royal Botanical Garden, Kew, England UK. (neotype)

*Etymology*: The name of the class, order, and family are derived from the generic name of the type genus, *Sarea* Fr., *Systema Orbis Vegetabilis* **1**: 86 (1825).

The class, order, and family are based on the same description below:

Multispored, non-lichenized ascomycetes with resinicolous ecology, *ascomata* apothecial, scattered, formed exclusively on conifer resin, ascohymenial, sessile to short stipitate, pale to deep orange or black, the pigment localized at least in granules in the epithecial layer and marginal extracellular material as well as in oily inclusions in the interior tissues or in patches in the extracellular matrix, fleshy and gelatinous when fresh, becoming coriaceous when dry; excipulum paraplectenchymatous, composed of radiating hyphae immersed in a gel; subhymenium gelatinous, of interwoven hyphae forming a *textura intricata*, hyaline to brownish or coloured by intracellular pigments. *Hymenial elements* sometimes lightly bluing in KOH. Paraphyses numerous, often containing numerous oily inclusions, pigmented or not, filiform; septate, mainly unbranched but sometimes anastomosing and often becoming forked near the apices; apices slightly swollen and embedded in gel to form an epithecium-like layer. *Asci* with croziers, multispored, clavate with thick multilayered walls, not fully functionally bitunicate, the outermost layer amorphous and gelatinous, turning blue in IKI and Melzer's reagent with or without pretreatment in KOH, but staining more intensely after pretreatment, the innermost layer forming a thick apical cap pierced by a central pore, lacking a reaction in IKI and Meltzer's with or without KOH pretreatment. *Ascospores* numerous, spherical, minute, hyaline, smooth-walled, thin- to thick-walled, aseptate. *Asexual morphs* pycnidial, arising singly or in small groups, on conifer resin, superficial or immersed, subglobose, more or less concolourous with their sexual morph, walls composed of interwoven plectenchymatous hyphae forming a *textura intricata*, hyphae gelatinized or not, walls sometimes convoluted and appearing multilocular in section; ostiolate and papillate when young and expanding with age due to extrusion of conidia or opening by breakdown or tearing of the upper wall to form an irregular hole. *Conidiophores* lining the cavity of the pycnidium, hyaline, short, branched or not and septate at the base, bearing one to three conidiogenous cells. *Conidiogenous cells* enteroblastic, phialidic, not proliferating or sometimes with one to four short proliferations, lageniform to cylindrical, tapering towards the apex, hyaline, smooth-walled, with a minute collarette and channel but marked periclinal thickening. *Conidia* abundantly produced, slimy or forming slimy masses, subglobose when mature but somewhat pyriform when young, sometimes slightly angular due to mutual compression, aseptate, hyaline to pale brown, more or less smooth-walled, thin- or thick-walled, more or less isodiametric with the ascospores of the sexual morph, usually containing a single minute guttule not disappearing in KOH.

*Notes*: The diagnosis above was modified from the generic description of *Sarea* and the specific descriptions for *Sarea resinae* and *S. difformis* published in [@R43]. [@R43] also discussed the nomenclatural situation of *Sarea* in extraordinary detail. As no type species was designated for *Sarea* by [@R26], [@R27], [@R28], [@R57] lectotypified *Sarea* by *Peziza difformis*. Neither [@R57] nor [@R26], [@R28] mentioned any locality of the described specimens and no original material is known to exist, and therefore [@R43] selected a neotype for the name *Peziza difformis*, which is stored in the Royal Botanical Garden, Kew, England UK. [@R43] also designated a lectotype for *Sarea resinae* (*Peziza resinae*), which is stored in the Acharius Herbarium in the University of Helsinki Herbarium in Helsinki.

*Specimens examined*: *Sarea difformis* CB093 (H), *Sarea difformis* JR6451 (H), *Sarea resinae* CB094 (H), *Sarea resinae* JR6450 (H), *Sarea resinae* PDD117343, *Sarea resinae* PDD117345. Information of the substrate, collection locality, voucher number and collection where the specimens are deposited is listed in [Table 1](#T1){ref-type="table"}.

DISCUSSION {#s4}
==========

Phylogeny {#s4a}
---------

According to our phylogenetic results ([Figs 2](#F2){ref-type="fig"}--[4](#F4){ref-type="fig"}) *Sarea* does not belong in *Trapeliales* (*Lecanoromycetes*) --- as the current taxonomic classification suggests ([@R64], [@R46]) --- and cannot be classified within *Lecanoromycetes*. All of our analyses placed *Sarea* in the clade of inoperculate euascomycetes which corresponds to the rankless "*Leotiomyceta*" ([@R21]) with unanimous support, but none satisfactorily assigned it to any of the existing classes in "*Leotiomyceta*".

Based on morphological similarities, previous studies placed the two *Sarea* species in various genera of *Lecanoromycetes*, for instance *Biatorella* within *Acarosporaceae*, *Biatora* in *Ramalinaceae*, or *Lecidea* within *Lecideaceae*. [@R76] placed both as species of *Tromera* within *Lecanorales* due to their thick ascus walls and the presence of an epithecium and amyloid reaction in the hymenium. [@R43] also assigned *Sarea* to *Lecanoromycetes* because it resembles *Agyrium rufum* (*Agyriaceae*) in ascus structure, pigmentation and excipular structure.

Like *Sarea*, most genera in which *Sarea* was previously classified also include species with polyspored asci. True polyspory (= meiosis followed by several mitoses generating more than 100 spores, [@R39]) occurs in many other species in *Lecanoromycetes*. In the past, *Acarosporaceae* was characterized by its true polyspory ([@R39]), but molecular studies revealed that lichenized polysporous species do not form a monophyletic group and that polysporous asci evolved several times within lichenized species ([@R83], [@R2]). However, true polyspory has also evolved in non-lichenized genera such as *Deltopyxis* ([@R4]), *Podospora* ([@R72]), *Thelebolus* ([@R20]) and *Tromeropsis*. The last was shown to be congeneric to *Symbiotaphrina* in *Xylonomycetes* ([@R5]). It is not known if the polyspory is linked to ecological environmental conditions, but it is noticeable that many polyspored species occur in xeric habitats ([@R101]).

The polyspored asci, apothecial ascomata and the non-lichenized resinicolous ecology are fundamental characters of all *Sarea* species. *Claussenomyces olivaceus* also possesses polyspored asci while occurring on resin. However, in contrast to *Sarea*, its ascospores (ascoconidia) arise from septate primary ascospores ([@R68]).

Another feature that [@R43] did not mention is the distribution of pigments in *Sarea resinae*. The pigment may be located in the excipulum, subhymenium, hymenium, and apothecial surface, and can vary in intensity to the point of being absent in some structures between clades of *S. resinae*. Additionally, the excipular cells may vary in tightness between *Sarea* clades and differences in stipe length, presence and amount of granular material at the margins of the cups appear, depth of hymenium or thickness of epithecium seem to be other variable features between *Sarea* clades. However, these features are variable also based on environmental conditions and developmental stages.

Previous classifications of *Ascomycota* emphasized the morphology and development of the ascoma, and especially similar ascus structures and the mechanisms of spore release. Since then, molecular methods have revolutionized phylogenetic systematics of fungi (*e.g.* [@R65], [@R44], [@R96], [@R69], [@R81]). [@R63] pointed out that the ascus types in *Trapeliaceae* and *Agyriaceae* are phylogenetically misleading, since the ascus type of *Agyrium* agrees with those of *Trapeliaceae*, but the morphological similarities are inconsistent with molecular analyses. They excluded *Sarea* from their phylogenetic study since molecular data rather suggested a placement outside *Ostropomycetidae*.

In molecular approaches, potential sources of error include undetected (*e.g.* homoplasy, [@R37]) or wrongly inferred substitutions (*e.g.* long branch attraction, [@R12]), polymorphism and gene specific evolution. Because most species have not been sequenced and/or even discovered to date ([@R13]), taxon sampling biases also have to be considered (*e.g.* [@R17]). Often new gene sequences, such as the *tsr1* genes of *Sarea* generated in this study, are difficult to include in phylogenetic analyses, because they are underrepresented in GenBank. However, in the future more use could be made from genome extractions provided that the quality of the genes can be guaranteed. In any case, morphological and physiological traits provide additional diagnostic and biological information and should not be disregarded in current classifications (*e.g.* [@R44]).

We provide the first phylogenetic study of *Sarea* that includes molecular data from protein coding and ribosomal gene regions. Our results are consistent with previous molecular studies in that *Sarea* was placed within the clade of inoperculate euascomycetes, but could not be assigned to any of the currently defined classes in *Ascomycota*. [@R36] reported affiliations of *Sarea* with *Lecanoromycetes*, but this was only based on data from a single gene (nucLSU) and the placement had no statistical support. Only a few other studies ([@R65], [@R83], [@R115], [@R116], [@R70]) supported the placement of *Sarea* outside *Lecanoromycetes* and an affiliation of *Sarea* with the *Leotiomycetes* was found by [@R83] and [@R115]. Here we cannot confirm an affiliation of *Sarea* with the *Leotiomycetes* ([Figs 2](#F2){ref-type="fig"}--[4](#F4){ref-type="fig"}), nor can we suggest a well-supported affiliation to any other class within \"*Leotiomyceta\"*. However, in previous phylogenetic studies ([@R83], [@R115]) as well as our own, relationships between *Sarea* and other *Pezizomycotina* classes were indicated by only low node support and we therefore cannot assume a closer relationship of these taxon groups. It is rather the case that taxon groups of uncertain affiliations (including *Sarea*) in the assembled taxon sets cluster together (long branch attraction, [@R12], 1978) and it is likely that the placement of *Sarea* as sister taxon to *Leotiomycetes* in previous studies is just coincidence.

Our phylogenetic results ([Figs 2](#F2){ref-type="fig"}--[4](#F4){ref-type="fig"}) show that *Sarea* does not belong to *Lecanoromycetes* as currently assigned. Based on the information from the seven DNA regions, *Sarea* cannot be assigned to any of the classes of *Pezizomycotina*, but forms an isolated and highly supported lineage within "*Leotiomyceta*". We therefore propose to recognize this group formally as the new class, order, and family *Sareomycetes*, *Sareales* and *Sareaceae*.

We thank William G. Lee (Landcare Research, Dunedin) and Adrienne Stanton (New Zealand Fungarium (PDD) Landcare Research, Auckland) for providing and hosting specimens of *Sarea resinae* from New Zealand, and Uwe Kaulfuß (Göttingen) for commenting on the manuscript. The authors are grateful to the editor Pedro W. Crous and two anonymous reviewers for constructive comments that improved the manuscript.
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###### Supporting Figure 1

###### Supporting Figure 2

![Light micrographs of *Sarea difformis* and *S. resinae*. **A.** Ascomata of *S. difformis* and **B.** *S. resinae*; **C.** Young ascoma of *S. resinae* arising on a fresh resin flow; **D.** Cross-section of *S. resinae* showing hyphal growth into the liquid resin; **E.** Ascus and paraphyses of *S. difformis*; **F.** Young ascus of *S. difformis*; **G.** Asci and paraphyses of *S. resinae*; **H.** Young ascus of *S. resinae*. Scale bars: 1 mm (A, B), 500 μm (C, D), 10 μm (E, G), 5 μm (F, H).](fuse-2020-6-2-g001){#F1}

![Phylogenetic relationships of *Sarea*, *Trapeliales* and *Helotiales* based on two ribosomal genes (ITS, nucLSU) obtained from Bayesian, Maximum Likelihood and Maximum Parsimony (MP) analysis. Posterior Probabilities (PP), ML- and MP-Bootstraps are represented by the first, second and third numbers associated with internodes. Branches in bold indicate PP ≥ 95 %, and both ML and MP bootstrap values ≥ 70 %. Double lined branches indicate significant support obtained by two out of the three analyses. Scale = number of substitutions per site.](fuse-2020-6-2-g002){#F2}

![Phylogenetic relationship of *Sarea* and *Lecanoromycetes* based on six genes (ITS, mtSSU, nucSSU, nucLSU, *mcm7, rpb1*) obtained from Bayesian, Maximum Likelihood and Maximum Parsimony (MP) analysis. Taxon sampling broadly corresponds to the data set by [@R81]. Posterior Probabilities (PP), ML- and MP-Bootstraps are represented by the first, second and third numbers associated with internodes. Branches in bold indicate PP ≥ 95 %, and both ML and MP bootstrap values ≥ 70 %. Double lined branches indicate significant support obtained by two out of the three analyses. Scale = number of substitutions per site.](fuse-2020-6-2-g003){#F3}

![Phylogenetic relationship of Pezizomycotina based on four genes (ITS, nucSSU, nucLSU, *rpb2*) obtained from Bayesian, Maximum Likelihood and Maximum Parsimony (MP) analysis. Posterior Probabilities (PP), ML- and MP-Bootstraps are represented by the first, second and third numbers associated with internodes. Branches in bold indicate PP ≥ 95 %, and both ML and MP bootstrap values ≥ 70 %. Double lined branches indicate significant support obtained by two out of the three analyses. Scale = number of substitutions per site.](fuse-2020-6-2-g004){#F4}

###### 

List of *Sareomycetes* examined in this study with information to their substrate, collection locality, voucher number and collection where the specimens are deposited.

  **Taxon**                 **Voucher**   **Substrate**                    **Locality**                        **Collection**
  ------------------------- ------------- -------------------------------- ----------------------------------- --------------------------------------------------
  *Sarea difformis s. l.*   CB093         resin, *Picea abies*             Göttingen, Lower Saxony, Germany    University of Helsinki (H), Helsinki
  *Sarea difformis s. l.*   JR6451        resin, *Picea abies*             Finland                             University of Helsinki (H), Helsinki
  *Sarea resinae s. l.*     CB094         resin, *Picea abies*             Göttingen, Lower Saxony, Germany    University of Helsinki (H), Helsinki
  *Sarea resinae s. l.*     JR6450        resin, *Picea abies*             Finland                             University of Helsinki (H), Helsinki
  *Sarea resinae s. l.*     PDD117345     resin, *Pseudotsuga menziesii*   Dunedin, Otago, New Zealand         New Zealand Fungarium (PDD) Collection, Auckland
  *Sarea resinae s. l.*     PDD117343     resin, *Abies* sp.               Manapouri, Southland, New Zealand   New Zealand Fungarium (PDD) Collection, Auckland
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